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Although the regulation of Arabidopsis floral meristem patterning and determinacy has been studied in detail, very little is known about
the genetic mechanisms directing development of the pedicel, the short stem linking the flower to the inflorescence axis. Here, we provide
evidence that the pedicel consists of a proximal portion derived from the young flower primordium, and a bulged distal region that emerges
from tissue at the bases of sepals in the floral bud. Distal pedicel growth is controlled by the KNOTTED1-like homeobox gene
BREVIPEDICELLUS (BP), as 35S::BP plants show excessive proliferation of pedicel tissue, while loss of BP conditions a radial constriction
around the distal pedicel circumference. Mutant radial constrictions project proximally along abaxial and lateral sides of pedicels, leading to
occasional downward bending at the distal pedicel. This effect is severely enhanced in a loss-of-function erecta (er) background, resulting in
radially constricted tissue along the entire abaxial side of pedicels and downward-oriented flowers and fruit. Analysis of pedicel vascular
patterns revealed biasing of vasculature towards the abaxial side, consistent with a role for BP and ER in regulating a vascular-borne growth
inhibitory signal. BP expression in a reporter line marked boundaries between the inflorescence stem and lateral organs and the receptacle
and floral organs. This boundary expression appears to be important to prevent homeotic displacement of node and lateral organ fates into
underlying stem tissue. To investigate interactions between pedicel and flower development, we crossed bp er into various floral mutant
backgrounds. Formation of laterally-oriented bends in bp lfy er pedicels paralleled phyllotaxy changes, consistent with a model where the
architecture of mutant stems is controlled by both organ positioning and vasculature patterns. Collectively, our results indicate that the BP
gene acts in Arabidopsis stems to confer a growth-competent state that counteracts lateral-organ associated asymmetries and effectively
radializes internode and pedicel growth and differentiation patterns.
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Morphogenesis in multicellular organisms is orchestrated
by factors that activate cell growth and division, as well as
by other factors acting antagonistically to attenuate these
processes. Asymmetries in organ shape often arise from
differential activation of growth as a result of biased
exposure to signaling molecules. Superimposed on growth
control is differentiation, wherein cell fate is influenced by
signaling from neighboring cells as well as distantly
produced regulators. A fundamental aspect of development0012-1606/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.ydbio.2005.06.011
* Corresponding author. Fax: +1 416 287 7642.
E-mail address: riggs@utsc.utoronto.ca (C.D. Riggs).in multi-cellular organisms is the coordination of patterns of
differentiation and growth to derive functional and adaptive
organs and physiologies.
In animals, the basic body plan is usually established
during embryogenesis, whereas most plants produce new
organs throughout the adult stage of the lifecycle. All organs
arise from groups of pluripotent stem cells, termed
meristems, which exist at the apices. In the shoot apical
meristem (SAM), where founder cells for all aerial organs
are produced, growth is governed by a number of positive
and negative regulators of stem cell identity and division.
The WUSCHEL (WUS) homeodomain protein promotes
stem cell fate, whereas members of the CLAVATA family
inhibit WUS to limit growth (Fletcher, 2002). In contrast,284 (2005) 451 – 463
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meristem development by inducing proliferation of pre-
specified stem cells.
In addition to their role in meristems, KNOX genes also
influence architectures of determinate organs by promoting
cell division and delaying differentiation. For example, cons-
titutive activation of the KNOX gene BREVIPEDICELLUS
(BP) induces lobing and ectopic meristem formation at
margins of Arabidopsis leaves (Lincoln et al., 1994; Chuck et
al., 1996), indicative of prolonged activity of the leaf
marginal meristem (Hagemann and Gleissberg, 1996). This
effect is magnified in tomato compound leaves expressing
KNOTTED1, where the number of leaflets per compound
leaf is increased from 5 to 7 to greater than 2000 (Hareven et
al., 1996). In Antirrhinum, spontaneously arising mutations
that cause ectopic expression of KNOX genes in petals lead
to formation of petal spurs, a feature found in flowers of
related taxa (Golz et al., 2002). Mutant spurs sprout from
ventral petals as localized growths resembling petal tubes,
suggesting that KNOX gene-induced growth competence
can co-operate with existing developmental states to
generate novel sites of growth and morphological variation.
When ectopically expressed in female organs of Arabidop-
sis, the KNOX gene KNAT2 also promotes excess growth,
inducing homeotic transformations of ovule nucelli into
carpels (Pautot et al., 2001) and again illustrating the
consequences of imposing indeterminacy on a normally
determinate organ in a specific developmental framework
(carpel development). Taken together, the available data
indicate that KNOX genes confer a meristematic state upon
plant tissues in a variety of morphogenetic contexts, making
the gene family a potentially versatile tool to mediate
evolutionary transformations.
In contrast to SAMs, where balanced growth maintains a
population of stem cells throughout development, floral
meristems are determinate due to repression of growth
following the initiation of sex organs. In Arabidopsis, floral
meristem identity requires the LEAFY (LFY) transcription
factor, as strong lfy mutants display indeterminate floral
meristems, a switch in floral phyllotaxy from whorled to
helical and transformation of floral organs into leaves
(Schultz and Haughn, 1991; Weigel et al., 1992). Addition-
ally, the pedicel, a short specialized internode that links the
flower to the inflorescence stem, elongates to form an
axillary stem complete with cauline leaves and bract.
Although a great deal is known of the molecular genetic
mechanisms that act downstream of LFY to govern the
position, identity and patterning of floral organs, there is
virtually no information on the processes that distinguish
pedicels from other types of stems.
In many plant species, a defining feature of the pedicel is
a bulge at the receptacle region where floral organs attach.
An example is in cactus flowers where the ovaries are
embedded within an enlarged distal pedicel that protects the
developing embryos and seeds (Boke, 1980). Previously, we
showed that the KNOX factor BP and the receptor proteinkinase ERECTA are required for pedicel growth in
Arabidopsis. In bp er double mutants, pedicels bend
downward and have reduced stomata, intercellular spaces
and chlorenchyma on abaxial (ventral; see Fig. 1A) sides.
Here, we extend these findings by demonstrating that BP is
also necessary for establishment of a distal pedicel bulge
and sufficient to promote its excess growth. We provide
evidence that induction of growth at lateral organ/stem
junctions is necessary to counteract growth inhibitors
associated with lateral organs and vasculature and thereby
define the radial architecture of stems.Methods
Histology and microscopy
Sections (20–30 Am) for fluorescence microscopy and
GUS staining were prepared using a vibratome (Leica
VT1000S) from fresh leaf or stem tissue embedded in 4%
to 6% agar. For fluorescent imaging of chlorophyll and
vasculature, vibratome sections were immediately mounted
in 50% glycerol and visualized with a Zeiss Axiophot
microscope and a Curtis ebq 100 fluorescent lamp. For
BP::GUS transgenic tissue, sections were placed directly in
GUS histochemical staining solution (800 Al of GUS
staining buffer [100 mM Na2PO4 pH 7.0, 0.5 mM
K3Fe3(CN)6, 0.5 mM K4Fe2(CN)6, 10 mM EDTA, 0.1%
Triton X-100], 200 Al of methanol and 12 Al of 50 mg/ml
X-gluc [5-bromo-4-chloro-3-indolyl-h-d-glucuronic acid
cyclohexyl-ammonium salt] dissolved in dimethylforma-
mide) and incubated for varying times at room temperature
or 37-C. After staining, tissue was rinsed twice with 70%
ethanol to stop the reaction, fixed for 10 min in FAA and
then cleared by passing sections through a graded ethanol
series. Sections were rehydrated, mounted in 50% glycerol
and viewed and photographed with a Zeiss Axiophot
microscope and digital imaging system. For toluidine blue
staining, thin sections were prepared as described in Douglas
et al. (2002). Vibratome-generated sections were fixed for 30
min in FAA, washed twice with water, incubated for 30 s in
0.05% toluidine blue dissolved in 0.1 M sodium carbonate,
rinsed twice with water and then viewed in 50% glycerol.
Tissue for dark field microscopy was prepared by fixing in
cold FAA overnight, followed by dehydration through a
graded ethanol series. Tissue was rehydrated to 70% ethanol
and then cleared and mounted in a mixture of chloral
hydrate/glycerol/water (8:2:1). Scanning electron micro-
scopy was performed as described in Douglas et al. (2002).
Construction of BP::b-glucuronidase (BP::GUS) lines
A BP: :GUS plasmid (pknat1–15, derived from
pBI101) containing 5 kb of regulatory sequence up-
stream of the BP start codon (Ori et al., 2000) was a
gift from N. Ori and S. Hake. The GUS gene and
Fig. 1. Arabidopsis pedicel development. (A) A schematic of a wild-type pedicel connecting a silique to the main stem. The adaxial (AD) side of a lateral organ
is closest to the central axis, whereas the abaxial (AB) side faces away. The proximal and distal orientations are indicated. (B–N) Lan (B, D–N) and Ler (C)
pedicels viewed using SEM. (B) An inflorescence meristem (indicated by a dot) showing floral primordia at various stages of development. At the right of the
meristem is a stage 3 primordium with developing sepals and an upward-curved pedicel (Ped). Lateral (L) regions separate the adaxial (Ad) and abaxial (Ab)
faces. (C) A Ler stage 3 bud (left) with reduced pedicel length and curvature relative to Lan (compare to B). (D) A stage 7 spherical bud connected to a pedicel.
Scale as in (F). (E, F) The floral receptacle at early (E) and mid- (F) stage 9. Elongation of tissue between the bases of the adaxial and lateral sepals (arrows in
E) results in bulging (F). (G) Mid-stage 9 distal pedicel lip (arrows) circumscribing lateral and abaxial domains. (H) Stage 10 bud with sepal/pedicel boundaries
clearly marked (arrow) and swelling evident on medial and lateral sides of the pedicel. (I) Stage 12 adaxial pedicel and sepal (Sep) showing a patch of pedicel
cells with epicuticular striations (demarcated by arrow). Note that striations develop despite the undifferentiated state of adjacent sepal cells. (J) Striated (right)
and non-striated pedicel cells. (K) Similar appearance of pedicel (Ped) and sepal epicuticular striations. (L, M) Mature proximal (L) and distal (M) pedicel cells.
(N) The abaxial side of the base of a mature pedicel showing a reduction of stomata (arrow indicates a stomate distal to the pedicel base). (O–Q) While Ler (O)
shows a distal pedicel bulge (arrow), pedicels of meristem identity mutants lfy-5 er (P) and ap1-1 er (Q) lack swelling. Scale bars, 100 Am in H, 25 Am in
(L, M) and 250 Am in (O).
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amplified from pknat1–15 using a BP forward primer
(5VGGACTAGTTTCGGTCTAGTGCAGTGAT 3V) and a
primer oriented backwards along the GUS gene
(5VTCACCGGTTGGGGTTTCTAC 3V). The PCR frag-
ment was cloned into pGem (Promega) and a BamHI/
SpeI fragment subcloned upstream of the GUS gene in
pBI101 to generate a BP::GUS construct containing 1.4kb of upstream regulatory sequence. Plasmid DNA was
transformed into Ler plants using the floral dip method
(Clough and Bent, 1998) and T0 seeds selected on MS
plates supplemented with 25 Ag/ml kanamycin. Trans-
genic T1 plants were selfed and homozygotic seeds
identified by collecting T2 seeds from individual plants
and screening a portion of each lot for 100% resistance
to kanamycin. The BP::GUS construct was crossed from
S.J. Douglas, C.D. Riggs / Developmental Biology 284 (2005) 451–463454Ler into other backgrounds and homozygotes identified
as above.
WG335 GFP enhancer trap line
A GFP-based Arabidopsis enhancer trap insertion
collection (Columbia background) established at the Uni-
versity of Toronto was screened for stem expression
patterns using a Leica MZ7.5 dissecting microscope and
Curtis ebq 100 isolated fluorescent lamp. WG335 was
identified, crossed to bp-2 er and F2 bp er and bp lines
stably expressing GFP were established. Examination of 50
plants from each mutant line revealed that all expressed
GFP in the expanded pattern, whereas F2 wild-type and er
plants always restricted signal to the receptacle and node
regions.Table 1
Comparison of total and distal pedicel lengths in Lan and Ler
Stage Total pedicel length (mm) Distal pedicel length (Am)a
Lan Ler Lan Ler
12 1.21 T 0.06 0.74 T 0.03 131 T 5 152 T 5
14 3.78 T 0.98 2.02 T 0.1 187 T 6 187 T 6
Mature 8.37 T 0.20 5.80 T 0.32 427 T 25 406 T 21
Standard errors of the mean are given. In all cases, n > 15.
a The distal pedicel was defined as the region from the medial sepal/
pedicel boundary to the proximal boundary of the bulge.Results
Wild-type pedicel morphogenesis
To establish a baseline for Arabidopsis pedicel develop-
ment that will facilitate identification of mutant abnormal-
ities, we characterized pedicel morphogenesis in plants of
the wildtype Landsberg (Lan) ecotype using scanning
electron microscopy (SEM). In addition, because the
Landsberg erecta (Ler) mutant background is used exten-
sively for Arabidopsis research, Lan and Ler pedicel
morphological divergences were assessed. Pedicels were
assigned stages corresponding to those of associated flowers
according to the scheme described in Smyth et al. (1990).
The floral primordium emerges at the inflorescence
meristem flank as a spherical protrusion (Fig. 1B). Apical
broadening of the bud produces the characteristic floral
meristem dome that rapidly evocates four equally spaced
sepals around its periphery. By stage 3 of flower develop-
ment, a pedicel connects the base of the primordium to the
inflorescence axis (Figs. 1B and C). In Lan, upward curvature
of the pedicel juxtaposes the developing flower next to the
midline of the plant (Fig. 1B). A shorter stage 3 pedicel in Ler
indicates an early requirement for ER in promoting pedicel
growth (Fig. 1C). In stages 5 and 6, the developing bud takes
the shape of a sphere due to enclosure of the meristem and
incipient organs by sepals (Fig. 1D). Elongation of tissue in
the receptacle region at the base of the sphere in mid-stage 9
(Fig. 1E) creates a bulge immediately proximal to the
attachment point of sepals (Fig. 1F). While the bulge is most
prominent adaxially, a swelled lip circumnavigates the
pedicel/sepal boundary in lateral and abaxial domains (Fig.
1G). Later, the formation of creases demarcating the pedicel
from sepals clearly indicates that swelled tissue constitutes
the pedicel. We refer to the swelling encircling the entire
distal pedicel as the distal pedicel bulge (dpb).
In stages 11 and 12, epidermal dpb cells often acquire
epicuticular striations resembling those on surfaces ofdifferentiated sepal cells (Figs. 1I to K). Comparison of
transverse sections from the dpb and more proximal pedicel
regions did not reveal obvious anatomical differences,
suggesting that sepal-like characters are restricted to the
distal pedicel epidermal layer (not shown). At maturity, the
dpb is marked by short, wide cells relative to proximal
regions (Figs. 1L and M). Stomata are distributed uniformly
over the surface of the entire pedicel, except for a small
region at the base of the abaxial side where stomata are
reduced in number and cells appear less elongate (Fig. 1N).
Our SEM analysis of wild-type pedicel morphology
suggests that the dpb forms from tissue situated at the base
of the floral bud (compare Figs. 1E and F). The emergence
of epicuticular striations on the distal pedicel surface is
consistent with this interpretation, implying that sepal and
pedicel bulge cells respond to common patterning cues. To
gain additional evidence supporting an origin of the dpb
from the base of the floral bud, we measured the influence
of the ER gene on distal bulge growth. Because ER directs
internode and pedicel elongation (Torii et al., 1996; Table
1), we reasoned that er distal pedicels should be reduced in
length if they develop as extensions of the proximal pedicel
stalk. Our measurements show that ER is not required for
growth of the dpb (Table 1), consistent with the hypothesis
that the two regions of the pedicel respond to different
patterning cues. The relationship of the bulge to the floral
bud was also assessed in floral meristem identity mutant
backgrounds. Both the LFY and APETALA1 (AP1) genes
specify floral fate in developing wild-type flowers. In the
weak lfy-5 allele, compromised floral identity is manifested
as partial loss of meristem determinacy and slight floral
organ malformations (Weigel et al., 1992). In the ap1-1
mutant, secondary and higher-order floral buds form in axils
of first whorl bracts (Irish and Sussex, 1990; Bowman et al.,
1993). Contrary to er mutants, neither lfy-5 er nor ap1-1 er
pedicels formed a dpb, indicating that floral fate is necessary
for radial growth of the distal pedicel (Figs. 1O to Q).
Influence of the BP gene on pedicel development
Previous work demonstrated that BP encodes a class I
KNOX transcription factor that acts together with the ER
receptor kinase to mediate upward growth of pedicels
(Douglas et al., 2002). While bp pedicels are intermediate
in length and oriented perpendicularly, bper double mutants
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analysis has revealed that BP is also required for dpb
development, as bp-2 distal pedicels lack swelling and are
often radially constricted relative to more proximal regions
(Fig. 2A). Reduced radial growth extends further proximally
on abaxial and lateral regions compared to adaxial (Figs. 2A
and B), occasionally resulting in a downward bend directly
proximal to the receptacle (Fig. 2D). BP is therefore
required to coordinate growth between dorsal and ventral
pedicel sides. At the level of differentiation, reduced growth
is consistently coupled to smaller cell size and a lack of
stomata (Figs. 2A–C), with the most severe effect along the
lateral pedicel where stomata-less stripes of tissue extend
from the lateral sepal to the base of the pedicel. Devel-
opmental analysis revealed that the first sign of a bp-2
pedicel defect is at stage 9 when the dpb fails to form,
resulting by stage 11 in a band of tissue, 4–5 cells wide,
separating medial sepals from the underlying pedicel (Figs.
2E and F). Surprisingly, deviations in pedicel projection
angles are not evident in bp-2 until well after flowers open,Fig. 2. Development of bp-2 and bp-2 er pedicels. (A–F) bp-2 pedicels. (A) Stage
The arrow indicates a proximal stomate. (B, C) Stage 13 pedicels showing reduced
(B Prox indicates the proximal direction). Lateral portions fail to develop stomat
downward bend (arrow) in a stage 13 pedicel. (E, F) The floral receptacle at stag
lateral and medial sepals (delineated by arrows in E) fails to elongate, resulting in
Dissecting (G) and SEM (H) micrographs of 35S::BP flowers (No¨ssen background
pedicel lacking a distal bulge. The arrow indicates the crease associated with down
flower has begun tilting downwards. (K) Mid-stage 9 lateral pedicel with a distal
(L) Pedicel at the stage 10/11 transition. (M) Distal region of the abaxial pedicel fro
larger than those distally and laterally. (N) Early stage 12 abaxial pedicel prior to
pattern of small epidermal cells is evident. Scale bars, 50 Am in (A, E, N), 100 Aindicating that BP regulates pedicel dorsoventral symmetry
at relatively late stages of development.
Our results demonstrate that BP is necessary for radial
growth of the distal pedicel. To determine whether it is also
sufficient to enhance growth, we constitutively expressed
BP using a 35S cauliflower mosaic virus promoter. Earlier
studies showed that constitutive activation of BP induces
marginal lobes and ectopic meristems in leaves, but no
pedicel phenotype was reported (Lincoln et al., 1994; Chuck
et al., 1996). We found that 35S::BP pedicels develop more
prominent distal bulges relative to wild-type No¨ssen
controls, indicating that BP promotes distal-pedicel growth
in a dose-dependent manner (Figs. 2G and H—No¨ssen wild-
type pedicels appear identical to Lan—not shown).
The dorsoventral polarity evident in bp-2 pedicels is
magnified in a bp-2 er background, resulting in downward
bends in all pedicels and dorsoventral gradients of cell size
and stomata differentiation (Fig. 2I). SEM revealed that
bp-2 er buds first begin to tilt downward at stage 8 or
early stage 9 (Fig. 2J). At this time, radial dimensions and13 adaxial pedicel showing absence of swelling and lack of stomata distally.
radial growth at the distal end of the abaxial side and along lateral regions
a, leading to files of small cells along the length of the pedicel (C). (D) A
e 9 (E–compare to Fig. 1E) and stage 11 (F). Tissue between the bases of
a small band of tissue between the sepal and pedicel (arrow in F). (G, H)
) with enlarged distal pedicels. (I –N) bp-2 er pedicels. (I) Stage 13 bp-2 er
ward bending. (J) Stage 7 (right) and early stage 9 (left) flowers. The stage 9
constriction. The arrow indicates the proximal boundary of the constriction.
m (M). Note that cells in the unconstricted proximal portion (lower left) are
crease formation. The mid-region swelling has disappeared and a uniform
m in (B, L) and 200 Am in (H).
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pedicel circumference (not shown). Reduced radial growth
appears first along lateral sides of the distal pedicel at mid-
stage 9 (Fig. 2K). By stage 10/11, abaxial sides also show
reduced growth at distal and proximal ends (Fig. 2L),
producing a mid-region crest flanked on both sides by
troughs. As cells in the abaxial mid-region appear larger
than those at distal or lateral regions (Fig. 2M), at this
stage, the bp-2 er pedicel is qualitatively similar to the
mature bp-2 pedicel, with both showing lateral stripes and
abaxial mid-regions with enhanced radial dimensions
relative to distal portions. During stage 12, continued
downward bending of pedicels correlates with loss of the
mid-region crest and appearance of small epidermal cells
along the length of the abaxial pedicel (Fig. 2N).
Eventually, bending causes a crease to form perpendicular
to the proximal–distal axis on the abaxial pedicel side
(Fig. 2I). Collectively, these results show that while loss of
BP alone is sufficient to condition a distal pedicel
constriction, ER promotes growth on abaxial and lateral
sides of pedicels to limit the extent of dorsoventral growth
asymmetry and thus the severity of bending.
Pedicel vascular patterning
A notable feature of the bp er pedicel phenotype is its
dorsoventral asymmetry: abaxial sides are more severelyFig. 3. Pedicel vasculature patterns. Lan (A, B, D, E, G), Ler (C, F) and bp-2 er
fluorescence (D, F) microscopy. Abaxial faces down in all sections. (A, B) Thin tra
regions. Note the absence of an adaxial bundle in (B). (C) Stage 7/8 Ler bud with t
and late (E) stage 12 Lan pedicels at the mid-region. (F) Late stage 9 Ler pedice
merging of the adaxial (arrow) and abaxial (arrowhead) vascular bundles with the l
bundles in a bp-2 er pedicel. In H, the arrow marks the abaxial vascular bundle.
bundles with lateral vasculature are indicated. Scale bars, 50 Am in (A, B, E, H,affected than adaxial. This is particularly intriguing consid-
ering the symmetrical pattern of floral organs around the
receptacle and the radial appearance of the wild-type
pedicel. We investigated whether dorsoventral asymmetry
in bp er pedicels is correlated with polarity in the internal
anatomy of pedicels. Sections through distal regions of
mature Lan and Ler pedicels revealed a radial tissue pattern
typical of stems. In each pedicel, flower vasculature resolves
at the receptacle into two large lateral bundles, one abaxial
bundle and one adaxial bundle (Fig. 3A). Basipetally,
however, the adaxial bundle loses prominence until it is
not evident near the pedicel base (Fig. 3B). Arabidopsis
pedicels, therefore, express dorsoventral asymmetry with
respect to vascular positioning. Vascular patterns of younger
pedicels were examined using dark field and fluorescence
microscopy to assess the developmental basis of asymmetry.
Lateral bundles are the first to arise along the length of each
young pedicel (Figs. 3C and D). In Lan, medial bundles are
not evident in pedicel midregions until stage 12, when an
abaxial bundle appears (Fig. 3E). In contrast, the Ler
pedicel shows lateral and abaxial bundles at late stage 9
(Fig. 3F), indicating a role for ER in regulating the timing of
vascular patterning events. Visualization of phloem with
toluidine blue clearly depicted the polarity of the stage 12
Lan pedicel vascular pattern, as no phloem localizes towards
the adaxial side (Fig. 3E). Dark field microscopy on whole
pedicels showed adaxial bundles in stage 12 Lan and Ler(H, I) pedicels were viewed using light (A, B, E), dark-field (C, G–I) and
nsverse sections through mature Lan pedicels at distal (A) and proximal (B)
wo lateral vascular bundles in the pedicel. (D, E) Cross-sections of early (D)
l section through the mid-region. (G) Late stage 12 Lan pedicel depicting
ateral vasculature. (H, I) Arrangement of abaxial (H) and adaxial (I) vascular
In I, relative merging points of the adaxial (arrow) and abaxial (arrowhead)
I) and 100 Am in (D, F, G).
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bundle merges with a lateral bundle near the distal end,
whereas the abaxial bundle traverses most of the pedicel
length before anastomosing with a lateral bundle near the
base. The qualitative aspects of the vascular pattern were not
altered in bp-2 er pedicels relative to Lan and Ler (Figs. 3H
and I). Thus, significant dorsoventral asymmetry exists in
the vascular pattern of Arabidopsis pedicels both during
development and at maturity, providing a possible basis for
emergence of pedicel polarity defects in bp backgrounds. In
particular, BP and ER may mask the effects of either
vascular tissue or a signalling molecule borne by it on
surrounding tissue to coordinate dorsal and ventral pedicel
morphogenesis.
BP expression
Previous studies revealed BP transcription around the
cortices of developing internodes and pedicels (Lincoln et
al., 1994; Douglas et al., 2002; Venglat et al., 2002). To
attempt to more fully integrate BP expression with the loss-
of-function phenotype, we assessed patterns of BP tran-
scription at inflorescence stem and floral receptacle nodes.
Ler plants were transformed with a BP::GUS construct
containing 1.4 kb of BP upstream sequence sufficient to
complement the bp-2 phenotype when fused to the BPFig. 4. The BP expression pattern. Lan (A–F, H, I) and Ler (G) BP::GUS trans
(stage corresponds to that of the associated flower) showing a uniform pattern o
showing GUS upregulation in the cortex underneath the pedicel attachment point.
leaves are 7 mm in length. (C) Internode (left) directly above a leaf node showing
the leaf (arrow). (D) Vegetative node with leaf vasculature (arrow) entering the
associated bundle. (F) Internode 120 Am beneath (E). Note that GUS stain continu
to GUS staining in phloem (compare to D). (H, I) Sections through stage 13 flo
gynoecium (I). In both cases, GUS marks the receptacle/organ boundaries. Scalegene (Douglas et al., 2002). Homozygous T3 plants from
three independent lines showed GUS activity in internodes,
pedicels and styles, similar to previous reports (Lincoln et
al., 1994; Douglas et al., 2002; Venglat et al., 2002).
The BP::GUS construct was crossed into Lan and
expression along the inflorescence stem characterized.
While internodes showed a radial distribution of GUS
around the cortex (Fig. 4A), activity was consistently
upregulated at pedicel and leaf nodes adjacent to lateral
organs (Figs. 4B–D). Interestingly, at vegetative nodes,
GUS expression jutted inward from adjacent cortical regions
at the point of leaf attachment to form an inlet of tissue that
lacked staining (Figs. 4D and G). This inward streak of GUS
abutted leaf-associated vasculature entering the stem and
possibly demarcates stem and leaf tissue. As the vasculature
entered the underlying internode, GUS appeared in cortical
tissue peripheral to the vascular bundle, resulting in a ring of
GUS encircling the leaf trace (Fig. 4E). Slightly further
down the internode, expression resolved to an interior patch
of cells marking the boundary of the bundle (Fig. 4F).
Staining was also occasionally observed in phloem cells
adjacent to the stem cortex. Vasculature-associated GUS
staining was evident for short distances (<500 Am) below
the leaf, after which GUS returned to its stereotypical radial
distribution (not shown). Notably, in BP::GUS Ler inter-
nodes, xylem and phloem remained stained for a greatergenic tissue stained for GUS activity. (A) Internode under a stage 12 node
f staining around the cortex. (B) Internode directly under a stage 13 node
(C–G) Inflorescence stem tissue around cauline leaf nodes. All associated
GUS upregulation adjacent to the axillary branch. Note absence of stain in
stem. (E) Internode directly beneath D. GUS staining encircles the leaf-
es to mark the edges of the vascular bundle. (G) Ler node. The arrow points
ral receptacles at the level of medial sepals (top and bottom in H) and the
bars, 50 Am in (A, G–I) and 100 Am in (B, C–F).
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regulates vasculature-associated BP expression.
The upregulation of BP::GUS at inflorescence stem
nodes prompted us to examine expression at the pedicel/
receptacle boundary. Resembling the inflorescence axis,
GUS was localized around the cortices of pedicels and
intensified at stem/ lateral organ boundaries (Figs. 4H and
I). Therefore, BP::GUS expression data show a clear link
between the pattern of BP transcription in stems and
development of abnormalities in bp and bp er mutants.
BP drives GUS expression in internodes, nodes and pedicels
where phenotypes are manifest in bp mutants. Moreover,
elevated GUS expression at boundaries between stems and
lateral organs is consistent with a role for BP in promoting
growth and preventing the imposition of leaf- and nodal-
associated characters into stem tissue (see below).Fig. 5. BP represses nodal and leaf characteristics in stems. (A) Reduced radia
micrographs of transverse sections through 1 cm- (B) and 1.4 cm- (C) long Lan c
the reduction in chlorophyll intensity along bp-2 stripes (arrow in D). In all panels
stomata on the blade (arrow), but not along the midrib (left). (F, G) A leaf base (F
(H, I) A bp-2 internode directly underlying a cauline leaf showing absence of sto
(J–N) GFP distribution in WG335 (J, L), bp-2 er WG335 (K, N) and bp-2 WG
node and along the proximal midrib. (K) Stem of bp-2 er WG335 showing GFP fl
and K are 8 mm in length). (L) WG335 inflorescence with labeled stage 12 and st
stage 12 flower. (M) bp-2 WG335 inflorescence stem with fluorescence along t
pedicel base. (N) The WG335 insertion in a bp-2 er background showing a strea
Fluorescence micrograph of a Lan floral receptacle at the position of the lateral s
receptacle boundaries (arrows). Scale bars, 100 Am in (B, I) and 50 Am in (F).Repression of nodal and leaf characteristics by BP
The pattern of BP expression at vegetative nodes appears
to outline a stem/leaf boundary at the point of leaf insertion.
Earlier, we reported that in bp, the nodal chlorenchyma
pattern is shifted into underlying internodes during growth,
resulting in achlorophyllous Fstripes_ that project down the
inflorescence axis from the bases of lateral organs (Douglas
et al., 2002). Similar to bp pedicels, internodal stripes
display reduced radial growth (Fig. 5A), lack stomata and
localize over vasculature. Thus, in both inflorescence stems
and pedicels, BP is required adjacent to lateral organs to
promote growth. Because BP prevents expansion of wild-
type nodal chlorenchyma patterns into internodes, we
hypothesized that vasculature-related phenotypes of bp
stems may be evident in wild-type leaves where BP is notl growth in a bp-2 internode below a cauline leaf. (B–D) Fluorescence
auline leaves. Chlorenchyma downregulation over leaf midveins resembles
, chlorophyll is red and vasculature is blue. (E) Abaxial leaf epidermis with
) lacking stomata and the underlying internode (G) with a stomate (arrow).
mata (H) and continuity between the internode stripe and the leaf base (I).
335 (M) plants. (J) WG335 stem/leaf with intense GFP fluorescence at the
uorescence in the internode underlying the leaf attachment point (leaves in J
age 9 buds. Note that GFP fluorescence is confined to the receptacle of the
he lateral sides of stage 12 pedicels (arrows) and in an internode under a
k of GFP fluorescence (arrow) on a lateral side of a stage 12 pedicel. (O)
epals (left and right). Note the downregulation of chlorophyll at the sepal/
Fig. 6. Interactions between BP and the floral meristem. (A) bp-2 er
inflorescence stem with a bend at a vegetative node. (B) The bp-2 er
pedicel phenotype is suppressed by the lfy-5 mutation. (C) A bp-2 lfy-5 er
stage 13 pedicel bending laterally at a displaced first whorl organ (arrow).
(D) bp-2 clv2-1 er inflorescence showing pedicel elongation (arrows). Scale
bar, 100 Am in (C).
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this, wild-type leaf bases and midribs were assessed for
features resembling those of bp er internode and pedicel
abnormalities. Transverse sections through cauline leaves at
different stages revealed downregulation of chlorophyll
intensity in the midrib cortex as well as in flanking blade
regions (Figs. 5B and C), resembling patterns in bp-2
internodes (Fig. 5D). Mirroring the chlorophyll distribution,
blade and midrib regions also show distinct epidermal cell
patterns on the abaxial leaf surface. Blade epidermis
displays numerous stomata separated by crenulated cells,
while the midrib epidermis consists entirely of narrow,
elongate cells (Fig. 5E). Basipetally, the midrib epidermal
domain broadens until, at the leaf base, stomata are
completely absent (Fig. 5F). In the underlying internode,
the small epidermal cells give way to elongate cells
interspersed with stomata (Figs. 5G). As bp stripes also
lack stomata (Fig. 5H), histological features of the mutant
are shared with those of wild-type midribs, suggesting that a
vasculature-associated factor concentrated at wild-type leaf
midribs and nodes is active in mutant internodes. In support
of this model, the bp-2 cauline leaf midrib epidermal pattern
is continuous with the internodal stripe (Fig. 5I).
To gain further evidence that leaf and nodal characters
are translated into mutant internodes, a GFP enhancer trap
line (WG335) was identified that fluoresces at inflorescence
stem nodes and along leaf midribs (Fig. 5J). Crossing this
line into bp and bp er backgrounds caused expansion of the
GFP signature into regions of the internode directly under-
lying lateral organs (Fig. 5K), indicating that BP is required
to enforce a boundary separating nodes and internodes. GFP
fluorescence is also observed in WG335 around the
receptacle circumference (Fig. 5L). In mutant backgrounds,
the GFP signal spread along lateral sides of pedicels (Figs.
5M and N), suggesting that as in the internode, pedicel
phenotypes may accompany impingement of nodal features
into underlying stem tissue. In support of this interpretation,
we discovered that wild-type sepal nodes show reduced
chlorophyll fluorescence, a trait that is also evident on
abaxial sides of bp er pedicels (Fig. 5O; Douglas et al.,
2002).
Interactions between BP and genes controlling flower
development
A notable feature distinguishing bp er inflorescence
stems and pedicels is the relative position of bending. While
inflorescence stems bend at the node itself (Fig. 6A),
pedicels bend proximal to floral nodes. In wild-type, the
pedicel is defined by its association with a floral meristem,
as loss of floral identity transforms pedicels into inflor-
escence stems (Weigel et al., 1992; this work). Floral
meristems are in turn distinguished from inflorescence
meristems by a range of characters, including a determinate
mode of development, evocation of floral organs and a
whorled phyllotaxis. To investigate possible factors con-tributing to divergences in the position of bending between
bp er inflorescence stems and pedicels, we crossed bp er
into the weak lfy-5 background. It was our expectation that
loss of floral fate would suppress the bp er pedicel bending
phenotype due to partial transformation of pedicels into
inflorescence stems. In addition, because the requirement of
LFY in specifying floral meristem identity becomes dispen-
sable over the life of the plant (Weigel et al., 1992), we
reasoned that bp lfy-5 er plants would produce flowers with
a gradient of floral identity, and thus a gradient of pedicel-
bending phenotypes. By examining flowers with different
degrees of floral fate, we hoped to correlate a specific floral
trait controlled by LFY (e.g. determinacy, phyllotaxis) with
the orientation of bending in underlying stems. bp-2 lfy-5 er
pedicels showed partial amelioration of elongation and
bending defects, presumably reflecting the incomplete
transformation of pedicels into axillary branches (Fig. 6B).
Pedicels of single plants ranged in morphology from bp er-
like to elongated stems that sometimes developed down-
ward bends at distal ends. Rarely, slight elongation of stem
tissue occurred between a lateral leaf-like sepal and the
other three first whorl organs, resulting in proximal
displacement of the lateral sepal along the pedicel (Fig.
6C). Consequently, lateral sepals were no longer opposite in
these flowers, disrupting the symmetrical arrangement of
organs around the receptacle circumference. Interestingly,
pedicels with displaced lateral sepals no longer bent down,
but instead curved laterally towards the displaced sepal (Fig.
6C). As in the mutant inflorescence stem, growth was
concentrated on the side of the pedicel opposite the
displaced lateral organ. We only observe lateral pedicel
bending in bp lfy er flowers with a displaced sepal. All other
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with bends that were either downward or non-existent. The
finding that loss of floral meristem identity does not impact
the orientation of pedicel bending until phyllotaxis is
changed implicates a scheme where the positioning of
lateral organs is a determinant of the orientation of stem
bending (see Discussion).
We also examined the effects of reducing floral meristem
determinacy on bp er pedicel bending. For this, bp-2 er was
crossed with ag and clv mutants, which form partially
indeterminate flowers. Each of the bp-2 ag-1 er, bp-2 ag-1,
bp-2 clv3-2 er and bp-2 clv1-1 er genotypes showed
additive interactions and developed bp er-like pedicels,
suggesting that degree of floral meristem determinacy does
not influence pedicel development (not shown). In contrast,
occasionally, bp-2 clv2-1 er plants formed elongated
pedicels that did not bend down (Fig. 6D), although the
majority were bp er-like. Since the CLV2 gene is required to
restrict pedicel elongation even when CLV1 or CLV3 are
mutated (Kayes and Clark, 1998), suppression of the bp-2
er pedicel phenotype by clv2-1 is probably not linked to the
role of CLV2 in regulating meristem determinacy.
Lastly, the influence of floral organ identity-specifying
genes on bp er pedicel development was tested. In an earlier
paper, we showed that the class A gene AP2 has no effect on
the bp er pedicel bending phenotype (Douglas et al., 2002).
Similarly, the class B gene PI and class C gene AG did not
impact the orientation of bending in bp er pedicels (not
shown), indicating that, like meristem determinacy, patterns
of floral organ identity do not dictate the architecture of the
underlying pedicel.Discussion
Pedicel mosaicism and the role of BP in promoting
receptacle development
During the initial stages of Arabidopsis flower develop-
ment, the primordium is delineated morphologically into a
distal floral meristem and a proximal pedicel. As develop-
ment proceeds, a receptacle is defined as the point of
attachment of the flower with the underlying stem (pedicel)
tissue. Growth and differentiation of pedicel cells at this
distal junction are markedly different from cells of the
proximal pedicel. Three observations suggest that the dpb is
developmentally distinct from more proximal tissue. First,
distal pedicel epidermal cells often differentiate epicuticular
striations similar in form and pattern to those of sepal
epidermal cells. This observation can be explained if sepal
and distal pedicel epidermal cells acquire overlapping
identities due to common origins at the base of the floral
orb. Second, measurement of the distal pedicel bulge in
wild-type and er mutants revealed similar lengths through-
out development. Because mutations in ER reduce lengths
of pedicel stalks (Torii et al., 1996 and this work), thisobservation implies that the distal pedicel is developmen-
tally dissimilar from proximal pedicel tissue. Finally,
mutations in floral meristem identity genes such as LFY
and AP1 preclude elaboration of the distal pedicel bulge,
indicating that its formation is tied to floral fate. Our data
are consistent with the interpretation that the Arabidopsis
pedicel is a mosaic organ consisting of a proximal stalk and
a distal region that originates from the base of the floral orb.
Thus, unlike leaves, which do not appear to alter the
morphology of associated inflorescence stems, the elabo-
ration of organs by the floral meristem leads to refinement
of the structure of the underlying pedicel, marking it as a
stem uniquely associated with floral organs.
Analysis of bp pedicels revealed that the BP gene is
necessary for dpb growth. We propose that the small band of
cells evident between the bases of medial sepals and the
base of the floral orb in bp stage 10/11 flowers represents a
severely reduced version of the distal pedicel. Later, the
emergence of a radial constriction circumnavigating the
distal pedicel indicates that BP continues to act at the
receptacle to promote growth. In accordance, the dpb is
increased in size in 35S::BP plants and GUS levels are
enhanced at sepal nodes of BP::GUS transgenics. In the
inflorescence stem, BP also induces growth next to lateral
organs, preventing bends and radial indentations. However,
while in inflorescence stems BP only sponsors enough
growth at lateral organs to enable formation of straight node/
internode junctions, in the pedicel growth leads to bulging.
It will be interesting to determine whether KNOX genes also
contribute to development of enlarged receptacle regions in
other plants such as the Cactaceae, and whether variation in
their expression or structure may have mediated stem
diversification. Changes in regulation of KNOX gene
expression have been associated with the evolution of other
morphological novelties such as petal spurs (Golz et al.,
2002) and compound leaves (Champagne and Sinha, 2004).
BP promotes stem radial symmetry
In addition to the morphological consequences of BP
lesions, portions of bp and bp er internodes and pedicels are
marked by a paucity of epidermal stomata and sub-
epidermal intercellular spaces and chlorenchyma (Douglas
et al., 2002). These traits take the form of files of short
epidermal cells or stripes that project along abaxial sides of
pedicels and down internodes beneath lateral organs.
Previously, we demonstrated that reduced chlorenchyma
levels are also a feature of wild-type inflorescence stem
nodes (Douglas et al., 2002). This work shows that
downregulated stomata and chlorenchyma are features of
leaf midribs as well. Moreover, a GFP enhancer trap line
fluorescing at nodes, floral receptacles and along midribs
has an expanded GFP signature in bp backgrounds that
includes lateral sides of pedicels and internodal regions
underlying lateral organs. Thus, internode stripe characters
in bp and bp er are continuous with the corresponding
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plays a role in preventing nodal and lateral organ characters
from impinging into stem tissue.
How does BP prevent expansion of nodal characters into
underlying stems? At least two scenarios could account for
stripe development. First, removal of BP reveals an
inhibitory effect of lateral organs on the radial growth of
surrounding stems. It is possible that this growth inhibition
extends to the level of cell differentiation, giving rise to
altered cell fates in mutant internodes and pedicels. Past
studies have shown that expression of KNOX genes in plant
tissues tends to induce meristematic states reflected at both
morphological and histological levels. In dominant maize
knotted mutants, for example, localized outgrowths form on
adaxial surfaces of leaves due to KN1-induced cell over-
proliferation (Freeling and Hake, 1985). Formation of knots
correlates with histological characteristics suggestive of a
relatively undifferentiated cell state (Smith and Hake, 1994).
In the same way, BP could promote growth competence in
stems to influence both morphogenesis and cell differ-
entiation. Such a model is supported by the nature of the bp
differentiation phenotypes. For example, stomate develop-
ment requires the completion of a stereotyped sequence of
meristematic cell division events that derive two adjacent
guard cells and surrounding pavement cells (Yang and Sack,
1995). Loss of growth potential in the epidermis of bp
internodes could prevent execution of the mitotic divisions
required for stomata production. Similarly, enlargement of
intercellular space requires tissue growth to accommodate
cell/cell separation associated with degradation of pectin in
cell walls (Roberts et al., 2002; Jarvis et al., 2003), a process
that would be interrupted by a reduction in growth
competence. Recently, Mele et al. (2003) showed that BP
is also required to restrict precocious deposition of lignin
along stems. As the authors suggest, preventing the
accumulation of lignin is also an appropriate role for a
factor promoting indeterminacy in tissue.
In contrast to a direct influence of BP on cell differ-
entiation through induction of growth (or repression of a
growth inhibitor), it is also possible that the gene affects cell
fate remotely by spatially confining the extent of Fnodal
identity_. In this model, BP may promote establishment of a
boundary that defines internode and node anatomies as
distinct. When BP is mutated, the boundary would be
compromised and nodal and midrib characteristics would
invade internodes. It is important to note, however, that it is
unlikely that all bp internode and pedicel defects can be
explained by such a boundary model. In particular, short bp
internode lengths, along with reduced levels of cell division
and cell elongation in non-stripe regions of bp er internodes
relative to Ler (Douglas et al., 2002), suggest that BP
directly influences the growth of internodes. Such an
interpretation is consistent with the radial BP expression
pattern throughout internode and pedicel cortices.
In both gymnosperms and angiosperms transcriptional
downregulation of KNOX genes presages organ outgrowthin the peripheral zone of apical meristems (Reiser et al.,
2000; Bharathan et al., 2002; Golz et al., 2002). In
Arabidopsis meristems, downregulated BP and STM mark
the position of incipient primordia during vegetative and
inflorescence growth (Lincoln et al., 1994; Long et al.,
1996). Transcriptional repression of BP/STM solely at the
site of organ initiation creates a gap in the otherwise radial
pattern of gene expression around the circumference of the
peripheral zone. Thus, lateral organ initiation is inherently
associated with an asymmetric distribution of meristematic
identity around the central axis. It may be that BP and its
orthologues in other species are activated adjacent to lateral
organs to restore the growth-potential lost due to down-
regulation of KNOX genes in the meristem. In the same way,
because internodes arise from tissue at the bases of nodes,
upregulation of BP at lateral organ insertion points may be
necessary to counteract radial asymmetry and effectively
Fradialize_ internodes as they elongate.
BP and stem vasculature
The established role of KNOX genes, asymmetric
expression of BP at nodes, reduced growth of bp stems
adjacent to lateral organs and features of internodal and
pedicel stripes point towards a role for BP in promoting a
meristematic state in Arabidopsis stems. An important
question, however, is how the path of a stripe along an
internode or pedicel is determined. A clue is provided by the
observation that stripes always overlie vasculature emanat-
ing from nearby lateral organs. In pedicels, confinement of
differentiation defects to abaxial regions parallels the
biasing of underlying vascular bundles to the ventral side.
Similarly, internodal stripes are always associated with
vascular traces emanating from a superior node. In leaves,
stripe-like features are again found along midribs and are
never associated with non-vascular tissue. These results
suggest that lateral organ vasculature contributes to the
formation of stripes and thus opposes meristematic identity
in stems. In wild-type stems, BP is expected to provide
growth-competence in regions peripheral to the vasculature
to oppose the effects of an inhibitory signal. Interestingly, in
BP::GUS plants, we discovered a ring of GUS expression
around vascular bundles as they progress from vegetative
nodes into underlying internodes. This implies that BP
expression is induced at lateral organs in a vasculature-
associated manner and that BP-mediated growth at nodes
may be controlled by inhibitor levels. Upregulation of BP
by the inhibitor would provide a stable mechanism to
balance growth at node/internode junctions and ensure
straight growth of stems. The observation that BP expres-
sion is activated in phloem in an er background may
indicate that ER plays a role during stem morphogenesis to
restrict the level of or response to inhibitor. In such a model,
loss of both bp and er would result in increased responses to
inhibitor and a corresponding enhancement of morpholog-
ical and differentiation defects.
Fig. 7. A model depicting the relationship between organ phyllotaxis and the location of bends in pedicels and inflorescence stems. Left: In this cleared Ler
inflorescence stem, vascular bundles emanate from a pedicel base (arrow) into the underlying internode. Due to attachment of only a single lateral organ at the
node, maximal asymmetry occurs at the insertion point, resulting in bending directly at the node in the absence of BP. Also note the proximity of vasculature at
the pedicel base to the abaxial pedicel surface, consistent with a dearth of stomata in this region in wild-type. Middle: A schematic of a flower with its apex
facing the page and its pedicel (green) directed towards the reader. Due to the symmetrical arrangement of sepals at the receptacle, repressor (in red) associated
with the floral organ attachment points is distributed radially around the receptacle circumference. As a result, bp receptacles do not bend. Right: A lateral view
of a flower and pedicel showing the biasing of pedicel vasculature towards lateral and abaxial sides. As a result of the receptacle phyllotaxis and pedicel
vasculature pattern, the location of maximal radial asymmetry (arrow) occurs in the pedicel proximal to the receptacle, leading to downward bending in bp
pedicels.
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stems and pedicels
The similar array of radial constrictions and differ-
entiation defects observed in bp and bp er pedicels and
inflorescence stems suggests that common patterning
mechanisms underlie development of the two stem types.
Specifically, a model based on vasculature-related propaga-
tion of asymmetries initiated at lateral organ attachment
points can be used to integrate a number of the seemingly
idiosyncratic properties of mutant stems. Below, our model
is applied to three distinct observations in the mutants. First,
along the lengths of both pedicels and internodes, we
observe a gradual increase in growth-competence that is
reflected in recovery of relatively normal morphological and
differentiation characteristics. In inflorescence stems, chlor-
enchyma and stomata gradually accumulate over the lateral-
organ associated vascular bundle as the distance from the
node increases (Douglas et al., 2002). In bp pedicels, there
is a corresponding disappearance of the distal constriction
and differentiation defects basipetally. In bp er, although not
evident at maturity, abaxial sides of stage 10 pedicels
demonstrate a distal constriction that contrasts with swelling
in the adjacent mid-pedicel. All of these phenomena can be
explained if a growth inhibitor is most highly concentrated
at nodes and becomes diluted as it flows basipetally through
the vasculature.
Patterns of vasculature and phyllotaxies in the inflor-
escence stem and pedicel can also explain differences in
the location of bending between the two stems (Fig. 7). In
inflorescence stems, bending occurs at the node because
the attachment of a single lateral organ confers maximal
inhibitor concentrations directly adjacent to the attachment
point. In contrast, the initiation of organs in a whorled
pattern at floral meristems would confer uniform inhibitor
levels around the floral receptacle. In the underlying
pedicel, biasing of vasculature towards lateral and abaxial
sides would concentrate inhibitor away from adaxialregions, causing an overall reduction in growth on the
abaxial side and consequent downward bending. Evidence
for the equivalence of bends in bp er inflorescence stems
and pedicels was gained by misaligning lateral sepals from
the receptacle in lfy mutants. As a result of lateral sepal
displacement, a novel maximum of asymmetry was
created at the new lateral sepal node that correlated with
bending of the pedicel laterally instead of downward.
Therefore, positional differences in bending of mutant
stems are due to corresponding distinctions in lateral organ
phyllotaxies.
Finally, we found that abaxial sides of wild-type pedicel
bases have a reduced number of stomata. Similarly, in bp
er pedicels, stripes of growth-defective tissue were broad at
distal regions but narrowed proximally to focus to the
abaxial pedicel side. Both of these observations can be
explained by the merging of floral vasculature at the
pedicel base and the continuation of the resulting bundle
down the underlying internode (Fig. 7). As a result of flow
of pedicel traces down the inflorescence stem, the merged
bundle necessarily approaches abaxial regions of the
pedicel base as it curves into the stem. Vasculature-
associated inhibitor would thus be concentrated abaxially,
and manifest as reduced stomata in wild-type and focusing
of differentiation defects to abaxial pedicel and internodal
regions in bp er.Acknowledgments
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